Summary: UDP-glucuronosyltransferase 2B15 (UGT2B15) is involved in the glucoronidation of steroid hormones as well as many drugs. Genetic variations in UGT2B15 have been shown to affect enzyme function and suggested to have a role in human diseases, such as breast and prostate cancers. In the present study, we sequenced genomic DNA from 50 normal Korean subjects to identify single nucleotide polymorphisms (SNPs) in UGT2B15. A total of thirteen genetic variations were found: two in exons, two in introns, seven in the 5¤-untranslated region (UTR), and two in the 3¤-UTR. The order and frequency distribution of UGT2B15 variations was: ¹1139T>C (rs9994887), ¹508G>A (rs1120265), ¹506T>A (rs1580083), 253T>G (rs1902023) (42%), 23687A>T (rs4148271) (31%), 2635A>T (rs2045100) (28%), ¹497C>T (14%), ¹378C>T (14%), 23669C>T (12%), and 23476A>C (rs4148269) (11%), with other minor alleles with a frequency of <10%. Thirteen variations were used to characterize linkage disequilibrium structures at the UGT2B15 locus. Five tag SNPs were identified, and the observed allelic frequencies were compared to those of other ethnic populations. This information describing genetic polymorphisms in UGT2B15 could serve as an important resource for studying individual variations in drug and hormone metabolism in Korean as well as other ethnic populations.
Introduction
Glucuronidation is a critical process in the detoxification of a myriad of xenobiotic and endobiotic compounds. The reaction is catalyzed by microsomal UDP-glucuronosyltransferases (UGTs), which use UDP-glucuronic acid as a cosubstrate for the formation of generally inactive glucuronides from a variety of structurally unrelated substrates. The UGT gene superfamily is classified into two families, UGT1 and UGT2, which are further subdivided into three subfamilies, UGT1A, UGT2A, and UGT2B, based on sequence homology. 1) UGT2B15 is one of several functional members of the UGT2B subfamily. This gene is expressed primarily in the liver along with several extrahepatic tissues, including the prostate, testis, breast, lung, placenta, skin, uterus, kidney, and adrenal gland. 2, 3) The UGT2B15 gene has been localized to human chromosome 4 at 4q13, and consists of six exons and five introns that encoded 530 amino acids. 4) UGT2B15 plays an important role in the glucuronidation of androgenic steroids, including dihydrotestosterone and 5-androstane-3¡, and 17¢-diol. 2, 5) These hormones have been shown to play a central role in the etiology and progression of breast and prostate cancers, two tissues where UGT2B15 is known to be active, suggesting a possible link between enzyme activity and cancer. 6, 7) In addition to steroid hormones, studies have also indicated a role for UGT2B15 in the metabolism of drugs, drug metabolites, and other xenobiotics, including oxazepam, (E)-4-hydroxytamoxifen, 5-hydroxyrofecoxib, eugenol, 8-hydroxyquinoline, phenolphthalein, 4-hydroxyphenytoin, nandrolone, and bisphenol A. [8] [9] [10] [11] [12] Previous studies of oxazepam biotransformation identified significant variability in oxazepam glucuronidation rates between individuals; these differences may have been caused in part by polymorphisms in UGT2B15. 13, 14) Specific mutations in UGT2B15 have since been identified that influence the metabolism of lorazepam and oxazepam, [15] [16] [17] while a D85Y substitution in UGT2B15 has been identified as a susceptibility marker for prostate cancer. 18, 19) Together, these data suggest that individuals harboring mutations affecting either the expression level or enzymatic function of UGT2B15 may respond differently to drugs metabolized by this enzyme.
Despite evidence demonstrating the importance of UGT2B15 in drug and hormone metabolism, genetic information regarding the frequency and distribution of UGT2B15 polymorphisms in a Korean population is limited. The primary aim of this study was to investigate the genotype and allele frequencies of UGT2B15 single nucleotide polymorphisms (SNPs) in a Korean population, and to determine the haplotype structure and linkage disequilibrium (LD) across the genome. In the present study, we screened for UGT2B15 SNPs in 50 healthy Korean subjects by DNA sequencing. This study represents the first comprehensive analysis of UGT2B15 variability in a Korean population, including details on SNP frequencies, haplotype structures, allelic frequencies, haplotype tagging SNPs, and LD.
Materials and Methods
Subjects: Genomic DNA was obtained from 50 unrelated healthy Korean volunteers whose genetic material had been deposited in the DNA repository bank at the Inje Pharmacogenomics Research Center (Inje University College of Medicine, Busan, Korea). Written informed consent was obtained from all volunteers, and the research protocol for the use of human DNA from blood samples was approved by the Institutional Review Board of Busan Paik Hospital (Busan, Korea).
PCR and variant identification: All introns, exons, and an upstream flanking region (1.5 kb from the translation start site) were amplified using UGT2B15-specific primers. Briefly, each reaction contained 50 ng of genomic DNA, 0.2 µmol/L primers, 2 U of r-Taq polymerase (Takara Bio, Shiga, Japan), and each dNTP at 0.2 mmol/L in a total volume of 25 µL. The reaction conditions included an initial denaturation (94°C for 5 min), followed by 30 cycles of denaturation/annealing/extension (94°C for 30 s, 60°C for 30 s, and 72°C for 30 s), and a final extension at 72°C for 10 min.
PCR was performed using a GeneAmp PCR System 9700 (Applied Biosystems, Foster City, CA). The amplified products were purified using a PCR purification kit (NucleoGen, Ansan, Korea); sequencing was performed using an ABI Prism 3700XL Genetic Analyzer (Applied Biosystems). A software package, PC Gene (Oxford Molecular, Campbell, CA), was used to identify variants with single nucleotide substitutions in heterozygous or homozygous mutations. A reference sequence NC_000004 (GenBank) was used for gene mapping, as well as for assignment of the nucleotide positions for single nucleotide substitutions.
LD, haplotypes, and tagging of SNPs for UGT2B15: SNPAlyze software (version 4.1; Dynacom Co. Ltd., Yokohama, Japan) was used to analyze the Hardy-Weinberg equilibrium and extent of LD as described previously. 20, 21) Haplotype frequencies were estimated using the software program PHASE. 22) Tag SNPs were selected using the program Tagger (http://www.broad.mit. edu/mpg/tagger/). 23) This program combines the simplicity of pair-wise methods with the potential efficiency of multimarker approaches; the efficiency depends on the LD between tag SNPs as measured by the pair-wise correlation coefficient (r p 2 ). We selected a set of tag SNPs where all variants had an estimated r p 2 > 0.8 with at least one tag SNP. We attempted to define the correlation coefficient between each SNP and a haplotype of tag SNPs to be r s 2 > 0.8.
Results and Discussion
The entire UGT2B15 coding sequence, including all introns, exons, and a 1.5-kb 5A-flanking region, was sequenced from 50 healthy Korean volunteers and aligned to the human genome using GenBank sequence NC_000004 as a reference. As shown in Table 1 , 13 genetic variations were identified, including two SNPs in the exons, nine in the untranslated regions (UTRs), and two in the introns. Among them, a ¹1209T>G was found as a novel variant in an individual as a heterozygous mutation. All allele frequencies were in Hardy-Weinberg equilibrium (p > 0.05). The two exonic SNPs, 253T>G and 23476A>C, resulted in amino acid substitutions (D85Y and K523T) at allele frequencies of 0.42 and 0.11, respectively. The frequency of D85Y substitutions was similar to that reported in a Japanese population. 4, 24) The order and frequency of UGT2B15 variants was ¹1139T>C (rs9994887), ¹508G>A (rs1120265), ¹506T>A (rs1580083), 253T>G D85Y  rs1902023  16  26  8  42  Intron 2  2635A>T  rs2045100  25  22  3  28  Intron 5  23208T>C  rs4148268  43  7  0  7  Exon 6  23476A>C  K523T  rs4148269  39  11  0  11  3AUTR  23669C>T  rs3100  38  12  0  12  3AUTR  23687A>T  rs4148271  24  21  5  31 The reference sequence used was GenBank accession NC_000004. Mi-Sun HWANG, et al.
(rs1902023) (42%), 23687A>T (rs4148271) (31%), 2635A>T (rs2045100) (28%), ¹378C>T (14%), 23669C>T (12%), 23476A>C (rs4148269) (11%), ¹477A>G, 23208T>C (rs4148268) (7%), and ¹1209T>G (1%). The locations of and linkages between the SNPs in relation to the UGT2B15 reference sequence are shown in Figure 1 .
To identify the genetic structure of the UGT2B15 locus in our Korean population, a pair-wise LD analysis was performed using the thirteen variants described above, resulting in two distinct blocks (Fig. 2) . A set of tag SNPs was then identified for use in association mapping studies (Fig. 3) ; a total of five tag SNPs was considered sufficient to track all important UGT2B15 haplotypes within the Korean population. Ten distinct haplotypes, consisting of thirteen SNPs are summarized in Figure 3 . Haplotypes 1-6 accounted for approximately 77% of all haplotypes in the present study. In our result, UGT2B15*2 (253T>G, D85Y) was found to be consistently linked with SNPs ¹506T>A, ¹508G>A, and ¹1139T>C (DA = 1, r 2 = 1), which was newly observed in the present analysis.
Multiple studies have reported differences in the frequency of UGT2B15 SNPs across different ethnic groups. Six UGT2B15 allelic variants resulting in amino acid substitutions have been identified in Caucasian, African-American, Hispanic, and Asian populations. 15, 25, 26) The allelic frequency of variant UGT2B15 K523T was 0.11 in our study, compared to 0.40 in a Caucasian population. 15) Although a clear clinical effect of the UGT2B15 K523T in humans has not yet been reported, about 30% higher S/R-oxazepam glucuronidation ratios were observed in the variant carrier livers compared to the wild-type livers in males.
15) The allelic frequencies of the well-studied variant UGT2B15*2 (D85Y) across different ethnic groups are summarized in Table 2 . In the present study, the allelic frequency of UGT2B15 D85Y was 0.42, which is higher than that observed in an African population (0.39), but lower than that of Caucasian subjects (0.55). 4, 25) This variation results in significantly reduced enzyme activity compared to that of the wild-type allele (45-50% activity relative to the wild type). 15) Combined with the high allelic frequency observed in our study, the UGT2B15 D85Y variant could have a significant impact on the ability of Koreans as well as other Asian populations to metabolize drugs and other chemicals.
In summary, this study represents the first analysis of UGT2B15 SNPs in a Korean population. We identified thirteen unique UGT2B15 SNPs, which were classified based upon haplotype structures, allelic frequency, and haplotype tag SNPs. The use of SNPs obtained from direct DNA sequencing of the candidate gene, instead of SNPs collected from databases, provides clearer information on population-common SNPs, which are an accurate resource for LD structures in genetically diverse populations. The present genetic data may provide useful information for predicting individual variations in UGT2B15 activity, and may be useful for association studies between UGT2B15 genotypes and clinical phenotypes related to UGT2B15 function, including breast and prostate cancers. 
4)
Data obtained in this study are shown in bold. ND, not determined.
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